Effect of sodium-hydrogen exchange inhibition on functional and metabolic impairment produced by oxidative stress in the isolated rat heart.
Sodium-hydrogen exchange (NHE) represents an important process mediating myocardial ischemic and reperfusion injury, and NHE inhibitors have been shown to be effective cardioprotective agents against this form of injury. The precise mechanisms by which NHE inhibition protect the heart are not known and we therefore postulated that attenuation of oxidative stress could contribute to such protection. Accordingly, we examined whether the potent and specific NHE inhibitor 4-isopropyl-3-methylsulphonylbenzoyl-guanidine methanesulphonate (HOE 642, 5 microM) can protect isolated rat hearts against mechanical and biochemical impairment produced by either hydrogen peroxide (150 or 200 microM) or a free radical generating system consisting of purine (4.6 or 9.2 mM) and xanthine oxidase (20 or 40 U/L). HOE 642 significantly delayed and attenuated both the depression in left ventricular developed pressure (LVDP) as well as the elevation in left ventricular end-diastolic pressure (LVEDP) produced by both concentrations of hydrogen peroxide, although greater protection was generally seen against the lower hydrogen peroxide concentration, particularly with respect to LVEDP. Hydrogen peroxide, at both concentrations, significantly reduced high energy phosphate and glycogen contents and elevated lactate levels, all of which were significantly attenuated by HOE 642. In contrast, HOE 642 had no effect on functional impairment produced by either concentration of the free radical generating system. At its lower concentration, the combination of purine plus xanthine oxidase had no effect on energy metabolites, although a significant reduction in high energy phosphate stores was seen with the higher concentration. However, this was unaffected by HOE 642. The protective effect of HOE 642 was mimicked by another NHE inhibitor, methylisobutylamiloride (MIA, 5 microM). Our study therefore shows that NHE inhibition selectively protects against functional and metabolic impairment produced by hydrogen peroxide. Since hydrogen peroxide formation has been implicated in the development of ischemic and reperfusion injury, it is possible that the protective effect of NHE inhibition against this form of oxidative stress may explain in part the basis for the well-established salutary actions of NHE inhibitors in the ischemic and reperfused myocardium. Since HOE 642 failed to modify the response to free radical generators, it is unlikely that the protective effects of NHE inhibitors can be explained by a free radical scavenging mechanism.